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(54) Verfeihrm zuf Kerste^Sans v^feuuingi 
HoAtemperaturfsonervng 



(57) Die Erfindimg bebffft dn Verfahren zur Herste^- 
hir^ vahuunngetonrtdr feuerfester Formt^e zum ZWeck 
aer Hcx*»iemperatufiSDrieru09 l»s 1J250*C Anweiv 
dunsslenperatur. daduich gekennseichnet da3 WoOa- 
slonR (CMS^O^ niit nadeTiger fasriger KnstalHbnn mft 
W9sser und bevofzugt evidm SntJeinltel zu einem 
Slurry vemiSscht in eine Fonm) gefQllt. (fie FIQs^gleit 
fibgesaugt und der so geblldete FornrtBS g^rocfcnet 
Wirt. Weilers betrifft die Eiflndung einen isdierkorper 
zur Hocht et iip er aligfesortefunfl bis 1.2SCrC. daduich 
getennzeichneU da6 er aus, beuorzugt naturttchem 
Vitoflastonil inft nadefiger fesr^ Knstatlfdmv enem 
BMemittel und gegebenenfafis ahoiganoBGhen FOnia- 
sem beslehl imd im getroCKnetem Zumnd eine 
< 0»8 g/cni'. bemzugt < 0,5 g/bif £tt^^ 



r feu^e^^c Rjfrm^Sa unci Sss!ior&5rp$^ zur 
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Besctireibung 



[0001] Die ErTnr^ung betrHft ein Verfahren zur Hefsld- 
Jung vataiunigetofmter feiierf ester For mteUe 2L»n ZwecK 
d©f Hochtemperaturisonerung bis 1.2S0*C Anwen- 
dungeleinperatur. cowie cinsn danach aussebUdeten 
Isoiterkflfper. 

10002] Vakuumgefamite isdierende romiieuB tOr 
hohe Temperaiurwi weiden dera^ aus WinstTich herge- 
Btdten KerairtWasem hergesieUl Kefafrfkfasern wir- 
den ate Asbestereaiz vor ca. 40 Jahw ©rttwickelt 
Mittleiweae sind jedoch audi KerfitniWasem faiden Ver- 
dacht geraten. cine krebseraaugende Wirtaing airf den 
Menechen ausOben zu Wnnen. fiis FolgB hat die Euro- 
patehe Union cSe Kfefairokiaser bzw. daiais herge- 
rrodi:!^ vcr. ^er b^^^^i^^TAo* hiie r n a fi o naten 
Stufe K3 incfieStufe K2 {Afibest istln Kl) aufgestuft 
[0003] Wefter^istesbelsnntlfflfiOfSlcrfte in Fortn von 
Platten und e1nla<*en zumeist rtatafionssymmetrischen 
Ftormtdlen aus WJnsfficii hCTgestelltem Caldum$njkat 
BtrmtseU^ Odsei wenian Kalkoder Cakaumhydroxid 
mit IGesetsaure laB vanniBchtiind Cn etna Formgegos- 
sen. AnschTiaBend weiden durch 
Umwandlung in dnom AutoWaven CaldumBaikalkfl- 
stall© (z.a Tobermwlt cjder )tonoflit) hergcsldlt Wenn 
WollastonWcristalle tonstfich hefgestallt w^en soJIen. 
muB cSer XonotlitkristaJIbrei gefrocknet ba wO bs 
1.0O0*»C gebranrt und ansdifieBend wied^ Wasser 
liiiuugefcgt ws,-dsn, urn e«sn guBfehioftn Bra! harzu- 
etellan. Dies effofdert einen hohen VerfahrensauTwand 
urid hGTic Encrgjcrs. UbsrcSas snd cifirar^a Caieiumsi- 
likatprodukt© nur bfe ma3dnal 1.100^ elnactebar. nicht 
as>cr hshefs TefT^jwa^i irAn Westere kOnnen draidi- 
mensicmle komplioertera Formteile nk^ ate EinheH 
hergestdlt v/ertjen. Bel derTe<*mologie mft AutoWayen 
sind 2.a Rohre nur ate Halbscha!en hcratelbw. Die 
bekannten IsonerkOrper wete^ auch ^ne relafiv hohe 
Trockencchvwindung auL die nacWelSg ist. 

kungsfasem in Kombination irot Zementoi dnzusetzen. 
nfB-ftrtiQe KSrper warden nach dem Saug^Prescverfeh- 
ren hergesteUt iind sie wdsen ein bohes Raumgewidtl 
atrf, vradurch die thermische Isofiening ungenOgend ist 
Die praWische AnwenAing liegt Mer f n der Venwendung 
a]s Dachplatlen i«J nicht mm Zweck der teoRening. 
10005] Au5derEP730896AmdieVerwendun9Von 
V.^fecfc«5.2ui 5-s*.^tfiJi8Jrtft vnn .MdSeasfStar^ementfin 
b^nn! gigwnrden. Das WoOaGtoitf dien! dctbei vor- 
nehmSc^i 6^ Frhflhung def enechanischoi Pes&gMt 
des RlleriementeB, was for d^artige Elemente.wfchtig 
iet Zustaztich stnd bevorzi^ Kemmas^n enthaftea 
Das RHa^eS^nen! ist lec^ich bis iiKxr O eoiseizbdi'. 
[00061 Die Dructechrm^kttnerleiAnregung damn- 
gehend, wie ein kmnMas^oer f=drmtei1 iTut onem 
Raumgewicht < 0.8g/bn^ zun Zweck der Hochtampe- 
ratiirisoliemng geschaffen warden kann. 
[0007] Die gegenst&nd&che Erfindung hat $ich die 
Au^abe gestettt, fsoHerende Forrrtdle zu achaffan. de 



biszu einer Oaueranwendungstenperatur von 1^60*C 
eingesetzt wenjen kOnnen. Die Fdrmleile solien ein 
niedriges Rauingewtcht < 0»B g/cm^ aufwelsen, ^owio 
Qber geringe SchvBfndung und riedrlge WflrmeleHzah- 

5 len auch bei Temperaturen QberlOOO^ C verfDgen. Wd* 
tars sofl da$ Material ge$undheltlk:h unbedenHich seia 
Oberdies aoU die l;;{ersteKung entfach ynd bilfig sein. 
[OCOS] Dss e!f!rv|uivi5tf}emaBe Veifahren ist dadurch 
gekennzeichnet, da(^ WbilastonftXCi^Si^Og]) nft nade- 

10 Tiger fasriger Kiristaillomi rrit W^aaer und bevorzugt 
Bindemitter zu ^nem Sbjny vemiischt in eine 
Form geftait die FIQasigkeH ^igesaugt und der so gebil- 
dese FormAeit getrocSoiel wird« Der erfSndungsgenAOe 
tsofierk^per ist dadurch gekennzelchnet daB er ais. 

IS bemugt nafOriichem, Wodastonit rnit nad^iger lasri- 
ger Knstallfomn. einem Bindemitti^ und gegebenertfeUls 
anorganischen FQiiasem oesiehi unu nn iiiMitmi«Un 
Zustand arte Dichte < 0 ^ g/cm^. bevomigt < 0^ gto^, 
aufwreist 

20 [0009] Weitere Merkniale aind den Ansprikiien und 
der nachfolgenden Besd>r^ur^ ssj entnehmen. 
POIOI GemtB £rfindung kOnnen dem Wdtastorttt. 
beraneugt natOrl'ichem WoOaaionit vti\ einem VerheHnIs 
Lange m Durchmesser von mMesiens 10:1« we9;ere 

^ anorganiscfie FQUteem b^gegeben werden. 

[0011] E$ werden nur soldie HohsioHe venvendet 

a) wissenschafflibh nachgewiesene UnbedenMich- 

so Keit; 

b) die FsrmtsOs sfivi nnier Anwendung der VSaku- 
unfomitetihnotagte herateSbar; 

c} die isolierenden Esganschaften r^chen bis 
1,250°C AnwenaiJr^en|Mi«uui w>w dis Dsshts 
35 des FormkOrpers unter 0.8 gfcm^ betrarzugt 
umer0,5g/fem^. 

I0012J Wonastona mil dem angeg6benen Vcrhahnis 
Lange zu DLrchmesser ist tTevorzugt natChrlich vorknm* 

4o mender WoUastonit. & wind i^evorzugi gemniiMMM not 
anorgani&chen nlchl lur^engdngig^ Faaem oder mlt 
anocganlsdien (G^) Pasam van»cndst deren Aniea 
an AMoDdcten und/bder Bdalkalkaxiden > 18 Ge«r.% 
rst Unter rucht ItKigengangig bezeichnet die WHOsoI- 

45 Che fasern, welchen einen Faserduichmesser > 3 ji 
haben. Andere Faserrohstoffo rrSL dnem Antei! von 
Alkaitoxtden und^oder EniaRcalioxiden > ,18 Qeft.% wer- 
den wegen oer nonen Ekjio^uiJum ws ni^ gcctms- 
heitsgetahrdend fur 6di ;viei^.en a^'^cschen, da sie 

€0 tedigbcn eine 'xune Vo weildauer fm tr.aRsch£c!^. Ksr- 
per haben. 

[OvlSj Dss 54rsScn^fil kann anorganiBch oder oroa* 

achem Bindennttel sdn. Als anorgaiis^es Bindanuitd 
» warden vorteilhan Kieselsole (SirdunnhydreoddfOsun^ 
cxier Aluaole (AIunvrtorihydrcDddlOaiing) fn wds^iger 
li>8iing und a!$ organisches Binderrdltel wfissrige 8l&r- 
k^Osungen dngesetzl. Wasstlge Stftrkelosungdn and 
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Z.B. aus Pfpienndustriebekannt 
[0014] Der Antefl dor Follfasem im getfodoneten 
Fdrmteil botrfigt voneflhafteiwe'ise mawmal 40 0©**%. 
Die Fe^stofflfionzentmlion des Slunys im Mischertank 
Oder In der Fomigeixindswanne beMot 
^ 10 bescxTders bevorzu^t 3 bis 6 Qew.%. Der 

AnleB dos ^nd€niitte)& im Qelfoctoietcn Fuf n dtd lonn 
bevDfzugt zwicchen 10 und 40 fiegen. 
(OOlQ Db Aushartung der erfindunssgefnaB her^ 
steltten PbmMIe eribldtdurch TrocKnungbei Tempera- 
tiren zwisichen 1D0**C isnd 20a>a wobdi es 
gOnsligecw^e zu elner keranischen AbblndLHig 
KoiTvnL 

10016] Beim Afaeaugen der ROssSgfc^ mifels >^iku- 
(ffnte^moiogfe wftfd bevomgt eln UrOMtmck 
ner/gieidi 1 bar angeyvendet. wobd Keine Fressung 
ertolgL 

[D017] Der EohergesteDieFonmtenbndetelnenlsoGef- 
hOrper zur ttochtenpeiaiiirisoGerung bis 1.250^(1 Im 
getrodmfen Zustand besitzt er one Dichte < 0,8 
Qfai?, bemugt < 0^5 gftam^. Dergetrocfcnete Foontca 
enthfllt mIndesteiK 30 Geuv.% VVUIastoi^ 

Herefellunqsb«spid! 

{DOiq Auf die Rgur wird NernA Bezug genommen. 
[0019] bi ^em^Gsehtankl warden WBSser2. anor- 
ger^sche und/bder or ganisdie Bindemittel 3 und Wolla- 
sionft 4 vermengt, und gegdbenen^ die FOnCftsem 
zugeseizL Die Fesistoflfconzenfr&fon beirdgt bevorzugt 
1 tus 10 Qew.%. vorzugsweise 3 bis 6 Ge»r.%. Der fer- 
tige Brei [SMry 5) wfrd in die Formgdxingswanne 6 
ongefOlft In den Sluny weiden nadi bekannter Tech- 
nokin*^ pOfC^ g» igwprig<gLigp engstsidi^ die CM* 
cherwdse aus feinporigen Ljochblechen oder 
f^maschigen Sieben best^en. Der Unterdruck wnrd 
durch Vakuumpumpen 7 a^eugt und das WassQ- Qber 
<fie Punpe a ^ Oder rudQefuhrt. AlternaUi^ kann <fie 
Sluny in eine Fonnfi gegossen und cfie TOs^ksH abge- 
saigtwerden. 

[0020) NachEn-eichenderlnderFbrrngGbungsmnne 
gewOnsditen Wandstdrke mitteis V^kuum und Verwdl- 
dauer weiden die getormten Produkte aus der Fomi 
e nbiomm en und b^ ener Temperatur zwlsdien 100^ 
und 200^0 gebocknet (9). Ourdi die ^ngesetzten Bin- 
dernittel komnnt es nvttels teranrdscher Bindu^ 
Irreversibien Aushflrtung. 

[0021] Nadi dem Irodoiui^p^gang weid&i de 
i=bnntene mtweder w^er bearbeitet Oder veredell 
bzw. in uiAeaibeiteter Fbmi veipad<t Die Beaibeitung 
umfaSt bei^eisiMei'ae medianisdies Fbmien 10« mr- 
im Oder Besdiiditen 11 oder Brennen 12 bel ertiOhter 
Tenperalur. urn den Antdt organisdier StoRe oder das 
Sdivnnden zu rediizieren. Nadi dem Veipadcan 13 
1dgtderVeiBand14. 



Baifloiafe IQr Wnyta^finfaf^ga^: 
1) Beispler Wdlastoratfomiteito 



s mm 

a7Qew.%WoIIastonft 
13 Qew.%^eseteoi 

HergesteSt ats 2.5 ^^ge Shmy und mit 4 %(ger 
10 StarkeKksung auBgefkadd. 

ChwHsdhB Analyse des For mtelles bereduiek aus 
den eingeselzten RobstoHen: 
45,9GewL%CaO 
S4.1Gbk%ScO^ 
IS Orgara9dieBesteKftaile1.5>2Geuc% 
RaiOTigewidn 0,55 - 0^ g/om? 
Lar^ssdwindurvibei I.IOO^C 0^ - 0.8% 
warmdeafahbkBft bel 1XM)0"C 0.28 W/M< 

£9 2} Beisplef WoBastondfdmitea mft FHamentEaseiYi 

31Gew.%W6eastonrt 
ss 15Gew.%KieseSsol 

4 Gew.% Htamentfass- rrnt 95 Q9v.% SiO^; Faser- 
durdvnesser 6*15 p. 

Heigestent als 3 %ige Blucry und mil 5 %H)er Stftr- 
k^O&mg ausgeflodd* 
9Q Chenedie Analyse das l^ormteiles beredmel aus 
den eingas^zten Rohstoffen: 
44,4Qew.%CaO 
0.1 Gew.% AI2O3 

35 Raumgevridit 0.35 - 0.45 gfcm^ 

Lfingssdiwindur^ bei LICXTC 0,6 - 1.7% 
WarnietdHm^teil bd 600'C0.20 WMtK 



3}Beisplei1 
IP024] 



ImlFilmentfaser 



73 Gew.% Wollastonrt ^ 

19Gevv%K2esdsol 

6 Ge«r.% Hlamentfiaser mil 54 % SiOg, 

Fasen^dtmesGer &S0 fi 

HergesleSt als 4«ge Slurry uxf nA 4 %iger 

kdOsur^ ausgefbdd. 

Chemisdie Analyse: 

41,7GeyK%CaO 

1.5 Gew.% Al20d 

0«7 Gew.% BgOa 

56.lGewL%SiQ^ 

Raumgevndit 0.25 - 0^0 Qfm^ 

Lflngsschwindungb^ 1.100^00,8 - 1,1 % 

\Mkm)dedfah^|keit bd 800K) 0.24 WAnK 
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Patentanspruche 

1. Verfahren zur Hersteliung vakuumg^formler feuer- 
fester keramiMaserfreter Formiefld mrt einem 

temperaturfediening bis 1 ^•C Anwendungstem- 
pofSjur, da&>rch gekennzeichnet/daO Wdlastonil 
(CaglS^Pa]) mit naddig^f fasnger KrlBtaBfomi mrt 
Was&er und bevorzugt ehem Bindemitid zu dnem 
Quny vartfeck in efrie IVm gefu^ 
kett abgesaugl imd ciut so geSSdeie Fsrmid! 
gdrocknei wkd. 

2. Vertamen nacn Arepruiii I. \id!JulC^ s^S^*^ 
zetcfmet, daB dm VVbflastonH Oder Skiiry 
anoigan'fiche Fvltfasem beigegeben wenSea 

S. ^»fah^ nadi Anspruch 1 Oder 2, dadurch 
gekeniueicfviet daB das Veihfittnis Lange zu 
Ourchmesser der Wogasttan i t fae em mindestens 
lonbeu&gL 

4. Verfehren nach onem der AnsprOdie 1 bis 3, 
dadiFch gakanrvceichnet daB der getrocknete 
Fdrrmea mMestertfi 30 Wonastonft enthdlt 

5. Veifahren nach einem der AnsprOche 1 1ms 4. 
dadurch gekennzeichnei da8 als FOllteem nlcht 
hingengdn^ge Ramenieasem rrSt Durchmesser ^ 
Oder > 6 |i gemdinsam mil Wodastontt eb ^k feeu t 
werden. 

6. Verfahren nach einem der AnsprOche 1 5. 
dadurch gdiennza'chnet, daB e!s Fulifosem anor* 
garuBChe f^asern mit mehr als 18 Gew.% Arnep von 
Alkalioxide undfoder BdaSofioxide eingesetzt war- 
den. 

r. Verfahren nach einem der An$prOdt\e 1 bis 6. 
dadurdt gekennzslchneit daB der AnteB der FuIUa> 
aem tm gebotikneten Fonrteil maadmal 40 Qetfir.% 
belragt 

8. V«fahren nach emem der AnsprDche 1 b» 7. 
dadurch gdmnzeichnel, daS die Aushartimg der 
Fbrntteile durch Trocknimg bd Tempefshiren zm- 
scnen i«rC und 20G=C luid ueworzugt csnc tera* 
misthe AbbMung crfolgL 

9. Veifahren nach ^nem der AnsprDche 1 bis 8. 
dadurch g^kennzeichnet. dafi das Abaaugen der 
hlQssigkeit rritleis VakuuiiUecttfiOiogie cincrr. 
Untefdnjck M^er/gleich 1 bar ohne Fressung 
erfolgL 

10. Vetfahren nach tinem der AnsprOche 1 bis 9. 
dadurch gekennz^chnet daB die PestStoffKonzen- 
trafion des Slun^ in dem hfischenank/Fonnge- 



bungswanne 1 10 Oew.% vorzugsw^se 3 bis 6 
Gew:%befragt 

11. Vef^ren nach einem der AnspnCk^he i Us 10. 
s dadurch gekennzeichnet. daB als Bndermtte! Kle* 

selBote Oder Ahisde in wSasriger lAsung. gegebe- 
nenfalSs mit Zueatz dnes or^ischen Bindem^teis 
wie Stdrkelfisuhg eingesetzt warden, wobei der 
Ant^ des QhKjen^ets ini gdrockneten Pormtdl 
1^ bevorzugi zwi'schen 10 miu 40 0^*.% n^gt.- 

12. leunoiMSiper 2isr Haah Se ffyayahifrs^effung biss 
: 1^S0*& dbdurdi getennzeiGhnet daB er bus. 

bevMi'st rt«»nrfiriM%m. Wonastorfil nril nadeT^er 
IS fasr^er Krtstafiform, dnem Bcndeniittel und gege- 
bonenfalls anorganischen Fiinfasem besteht und in 
getrodoietem Zustand .eine Dichte < 03 g/onP. 
betrorzugt < 0,5 gforn? auNveist 

so 13. Isoliefkaiper nach AnspOKh 12, dadurch gehenn- 
zelchnet daB das Verhahnis LSnge zu Durchmes- 
ear der WdnaatonHlasem mindeslena 10;1 betrdgt 

14. Isoli^KOrper nach Anspruch 12 Oder 13. dadurch 
» gekennzeichnet daB der getrocknete Fbmiteii nnn- 
destens 30 WbDastonif enth^t 

1& teOTieri^Srper nach dnem der AnsprOcha 12 bis 14. 
dadurch getennzeichnet daB die FGIKasem r^ht 
30 lungengangtge Filamentteem mit OurchmeBser a 
oder>6jjai%l 

16. IsdteikdrpernachdnemderAn^prOche 12bts 15, 
dadurch gekennzdchnet daB die FQittaseren anor* 

36 gan6CheFasemmitmehra}$iBGeML%Anteilvon 
• AlHaliODQdeundAxierEfdaMSoDddetind. 

17. teoilef1d)rpernachdnemderAn^xuchel2bts l6, 
dadurch gekennz^chn^ dafi der AnteO der F01Ka> 

<o eem Im getrodcieten FormteO maximal 40 Gew.% 
bebdgt 

ia lsdle/1<firpernachdnemder Anspruche 12bis17, 
dadurch gekennzeichn^ daB ate Bihderrdttel Kie- 
46 selsoCeoderAlusolelnwassrHierLiOsung.gegebe- 
nenfalte mstZusaSz dnes orgaruschen BMemmds 
Mie $^ajl^d08unQ dngesdbtsind, vvobd der Ariten 
dee Bindernttels im gdrcxiQiden 'Formteil berar- 
2ugt zwischen 10 und 40 G9w.% fiegt 
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(54) Process for the production of vacuum- formed refractory 
shaped articles and insulating elements for high- 
temperature insulation 

(57) The invention relates to a process for the production of vacuum- 
formed refractory shaped articles for the purpose of high- temperature 
insulation up to a service temperature^ of 1250oc, characterised in 
that wollastonite (Caa [SiaOg] ) in acicular, fibrous crystal form is 
mixed with water and preferably a binder to form a slurry, poured into 
a mould, the liquid is extracted and the shaped article formed in this 
way is dried. The invention also relates to an insulating element for 
high-temperature insulation up to 1250*0, ' characterised in that it 
consists of, preferably natural, wollastonite in an acicular, fibrous 
crystal form, a binder and optionally inorganic filling fibres and in 
the dried state exhibits a density of < 0.8 g/cm^, preferably 
< 0.5 g/cm^. 
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Description 



• The invention relates to a process for the production 
of vacuum- formed refractory shaped articles for the purpose 
5 of high- temperature insulation up to a service temperature 
of 1250*^0, together with an insulating element produced by • 
said process. 

Vacuum- formed insulating shaped articles for high 
temperatures are currently produced from man-made ceramic 
10. fibres. Ceramic fibres were developed approximately 40 
years ago as a substitute for asbestos. However, in the 
meantime suspicions have also arisen that ceramic fibres - 
.. may have a carcinogenic action in humans. Consequently, the 
European Union has reclassified ceramic . fibres pr products 
15 produced- therefrom from international class 3, where it was 
previously to be found, to class 2 (asbestos is in class 
1) . . 

It is further known to use insulating materials in the 
form of boards and simple, generally rotationally 

2 0 symmetrical shaped articles of man-made calcium silicate. 
Lime or calcium hydroxide are wet-mixed with silica and 
cast into a mould. Calcium silicate crystals (e.g. 
tobermorite or xonotlite) are then produced. by hydrothermal . 
transformation in an autoclave. If wollastonite crystals 

25 are to be man-made, the xonotlite crystal slurry has to be 
dried, fired at 800 to 1000°C and then water is added 
again, to produce a pourable slurry. This is a very complex 
process using large amounts of energy. Moreover, such 
calcium silicate products can only be used up to a maximum 

30 of 1100*=*C, and no higher. In addition, complicated three- 
dimensiona^l shaped articles cannot be produced as a unit. 
In autoclave technology, for example tubes can only be 
produced as half -shells. The known insulating elements also 
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exhibit relatively high drying shrinkage, which is 
disadvantageous. 

It is also known to use wollastonite as reinforcing 
fibres in combination with cements. Such elements are 
5 produced by the suction pressing method and they exhibit a 
high bulk density, whereby they provide inadequate thermal 
insulation. They find practical use as' roofing boards and 
not for insulation purposes. 

EP 730 896 Al discloses the use of wollastonite for 
10 producing hot gas filter elements. The wollastonite serves 
.primarily to increase the mechanical strength of the filter 
element, which is important for such elements. In addition, 
ceramic fibres are preferably contained therein. The filter 
element may only be used up to 1000 °C. 
15 The reference does not give any indication as to how a 

ceramic fibre-free shaped article with a bulk density of 

< 0. 8 g/cm^ may be produced for -the purpose of high- 
temperature insulation. 

The purpose of the present invention is to provide 
2 0 insulating shaped articles, which may be used up to a 
continuous service temperature of 1250^C. The shaped 
articles are intended to. have a low bulk density of 

< 0.8 g/cm^, and to exhibit low shrinkage and low thermal 
conductivity values even at temperatures over lOOO^C. In 

25 addition, the material should be safe from a health 

standpoint. Moreover, production should be simple and 
cheap . ^ . ■ 

The process according to the invention is 
characterised in that wollastonite (Caa [SisOs] ) in acicular, 

30 fibrous. crystal form is mixed with water and preferably a 

binder to form a slurry, poured into a mould, the liquid is 
extracted and the shaped article formed in this .way is . 
dried. The insulating element according to the invention is 



characterised in that it consists of, preferably natural, 
wollastonite in an acicular fibrous crystal form, a binder 
and optionally inorganic filling fibres and in the dried 
state exhibits a density of < 0.8 g/cm^, preferably 
< 0.5 g/cm^ . , 

Further features are disclosed by the claims and the 
following description. 

According to the invention, further inorganic filling 
fibres may be added to the wollastonite, preferably natural 
wollastonite, with a ratio of length to diameter of at 
least 10:1. 

Only r.aw materials which have the following 

characteristics are used: 

\ • • • 

a) scientifically proven safety; 

b) the shaped articles may be produced using vacuum- 
forming technology; 

c) insulating characteristics are adequate up to a 
service temperature of 1250°C and the density of the 
shaped article is below 0.8 g/cm^, preferably below 

0 . 5 g/cm^ . 

Wollastonite with the given length to diameter ratio 
is preferably naturally occurring wollastonite. It is 
preferably used together with inorganic, non-inhalable 
fibres or with inorganic (glass) fibres whose content of 
alkali oxides and/or alkaline earth oxides is > 18 wt . % . 
The WHO designates as non-inhalable fibres, fibres which 
have a fibre diameter > 3 /x. Other fibrous raw materials 
with a content of alkali oxides and or alkaline earth 
oxides of > 18 wt.% are deemed non-hazardous to humans due 
to their high biosolubility, since their residence time in 
the human body is only short. 



The binder may be inorganic or organic or a mixture of 
inorganic and organic binders. Advantageous inorganic 
binders are silica sols (silicon hydroxide solution) or 
alusols (aluminium hydroxide solution) in aqueous' solution 
and advantageous organic binders are aqueous starch 
solutions. Aqueous starch solutions are known from the 
paper industry, for example. 

The filling fibre content of the dried' shaped article 
amounts advantageously to at most 40 wt.%. The solids 
concentration of the slurry in the mixer tank or in the 
forming vat amounts preferably to 1 to 10 wt.%, 
particularly preferably to 3 to 6 wt . % . The binder content 
in the dried shaped article may preferably be between 10 
and 4 0 wt . % . 

Hardening of the shaped . articles according to the 
invention is performed by drying at temperatures of between 
100°C and 200°C, resulting favourably in ceramic setting. 

In the event of liquid extraction by means of vacuum 
technology, a vacuum of less than/equal to 1 bar is 
preferably applied, so meaning that pressing does not 
occur. 

The shaped article produced in this way forms an 
insulating element for high- temperature insulation up to 
1250°C. In the dried state, it exhibits a density of 
< 0.8 g/cm\ preferably < 0.5 g/cm\ The dried shaped 
article contains at least 30 wt.% wollastonite . 

Production Example: 

Reference is hereby made to the Figure. 

Water 2, inorganic and/or organic binders 3 and 
wollastonite 4 are mixed in a mixing tank 1, and the 
filling fibres are optionally added. The solids 
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concentration preferably amounts to 1 to 10 wt.%, 
preferably 3 to 6 wt.%. The finished slurry 5 is introduced 
into the forming vat 6. According to known technology, 
porous suction tools are immersed in the slurry, which 
5 tools conventionally comprise fine-pore perforated plates 
or fine-mesh screens. The vacuum is generated by vacuum 
pumps 7 and the water is conveyed to and fro by the pump 8. 
Alternatively, the slurry may be poured into a^ mould and . 
the liquid' extracted. 

10 - Once the wall thickness desired in the forming vat has 

been reached by means of vacuum and residence time, the 
shaped products are removed from the mould and dried at a 
temperature of between aOO°C and 200^^0 (9) . The binders 
used result in irreversible hardening by ceramic bonding. 

15 After the drying process, the shaped articles are 

either further processed or finished, or packaged in 
unprocessed form. Processing includes, for example, 
mechanical shaping 10, hardening or coating 11 or firing 12 
at elevated temperature, to reduce the content of organic 

20 substances or shrinkage. After packaging 13, the product is 
dispatched 14 . 

Examples of wollastonite shaped articles: 

25 1) Example: wollastonite shaped articles 

87 wt.% wollastonite 
13 wt.% silica sol 

Produced as 2.5 % slurry and flocculated with 4 % 
3 0 starch solution 

Chemical analysis of the shaped article calculated 
from the raw materials used: 
4 5.9 wt-% CaO 



54.1 wt.% SiOs 

Organic constituents 1.5 - 2 wt.% 
Bulk density 0 - 5S - 0.65 g/cm^ 
Longitudinal shrinkage at llOO^C 0.2 - 0.8 % 
Thermal conductivity at 100 0 °C 0.2 8 W/mK 

Example: wollastonite shaped article with filament 
fibres 

81 wt.% wollastonite 
15 wt.% silica sol 

4 wt-;% filament fibre with .95 wt .%. Si02 fibre 
diameter 6-15 /x. 

Produced as 3 % slurry and flocculated with 5 % starch 
solution. 

Chemical analysis of the shaped article calculated 
from the raw materials used: 

44.4 wt.% CaO 
0.1 wt.% AI2O3 

55.5 wt.% Si02 

Bulk density 0.35 - 0.45 g/cm^* 

Longitudinal shrinkage at IIOO^C.0.6 - 1.7 % 

Thermal conductivity at 600^0 0.20 W/mK 

Example: wollastonite shaped article with filament 
fibres 

73 wt.% wollastonite 
19 wt.% silica sol 

8 wt.% filament fibre with 54 % Si02/ 
fibre diameter 6-2 0 /x. 

Produced as 4 % slurry and flocculated with 4 % starch 
solution. 



Chemical analysis : 
41.7 wt.% CaO 
1.5 wt . % AI2O3 
0.7 wt . % B2O3 
56 . 1 wt Si02 

Bulk density 0.25 - 0.30 g/cm^ 

Longitudinal shrinkage at 1100°C 0.8 - 1.1 % 

Thermal conductivity at 800°C 0.24 W/mK 
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Claims 

1. A process for the production of vacuum- formed 
refractory ceramic fibre- free shaped articles with a 

5 bulk density of < 0.8 g/cm^ for the- purpose of high- 

temperature insulation up to a service temperature of 
1250®C, characterised in that wollastonite (Caa [SiaOg] ) 
in acicular, fibrous crystal form is mixed with water 
and preferably a binder to form a slurry, poured into 
10 ■• . a mould, the liquid is extracted and the shaped 
article formed in this way is dried. 

2. A process according to claim 1, characterised in that 
further inorganic filling fibres are added to the 

15 s .wollastonite. . 

3. A process according to claim 1 or claim 2, 
characterised in that the ratio of length to diameter 
of the wollastonite fibres amounts to at least 10:1. 

20 

4. A process according to one of claims 1 to 3, 
characterised in that the dried shaped article 
contains at least 3 0 wt . % of wollastonite. 

25 5. A process according to one of claims 1 to 4, 

characterised in that non-inhalable filament fibres 
with a diameter > or = 6 /i are used as filling fibres, 
together with wollastonite. 

30 6. A process according to one of claims 1 to 5, 

characterised in that inorganic fibres containing more 
than 18 wt.% alkali oxides and/or alkaline earth 
oxides are used. 



A process according to one of claims 1 to 6, 
characterised in that the content of filling fibres "in 
the dried shaped article amounts to a maximum of 
40 wt.%. 

A process according to one of claims 1 to 7, 
characterised in that the shaped articles are hardened 
by drying at temperatures of between 100 and 2ao*=»C 
and preferably ceramic setting-. 

A process according to one of claims 1 to 8, 
characterised in that the liquid is extracted by means 
of vacuum technology at a vacuum of less than/ equal to 
1 bar without pressing. 

A' process according to one of claims 1 to 9, 
characterised in that the solids concentration of the 
slurry in the mixer tank/ forming vat amounts to 1 to 
10 wt.%, preferably 3 to 6 wt.%. 

A process according to one of claims 1 to 10, 
characterised in that silica sols or alusols in 
aqueous solution are used as binders, optionally with 
the addition of an organic binder such as starch 
solution, wherein the binder content in the dried 
shaped article is preferably between 10 and 4.0 wt.%. 

An insulating element for high- temperature insulation 
up to 1250°C, characterised in that it consists of ^ 
preferably natural, wollastonite in an acicular, 
fibrous crystal form, a binder and optionally 
inorganic filling fibres and in the dried state 



exhibits a density of < 0.8-g/cm^, preferably 
< 0.5 g/cm^. 

An insulating element according to claim 12, 
characterised in that the ratio of length to diameter 
of the wollastonite fibres amounts to at least 10:1. 

An insulating * element according to one of claims 12 or 

13, characterised in that the dried shaped article 
contains at least 3 0.wt.% of wollastonite. 

An insulating element according to one of claims 12 to 

14, characterised in that the filling fibres are non- 
inhalable filament fibres with a diameter > or = 6 /x. 

An insulating element according to one of claims 12 to 

15, characterised in that the filling fibres are 
inorganic fibres containing more than 18 .wt.% alkali 
oxides and/or alkaline earth oxides. 

An insulating element according to one of claims 12 to 

16, characterised in that the content of filling 
fibres in the dried shaped article amounts to a 
maximum of 4 0 wt . % . 

An insulating element according to one of claims 12 to 

17, characterised in that silica sols or alusols in 
aqueous solution are used as binders, optionally with 
the addition of an organic binder such as starch 
solution, wherein the binder^ content in the dried 
shaped article is preferably between 10 and 40 wt.%. 



